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ABSTRACT 


Measurements  were  made  on  the  stress  state  at  the  tread-carcass  interface 
on  a  20  x  4.4  Type  VII  12  PR  aircraft  tire  operating  on  curved  surfaces  simu¬ 
lating  a  number  of  different  roadwheel  diameters.  The  general  results  of  these 
measurements  show  that  the  stress  levels  in  the  tire  increase  as  the  roadwheel 
diameters  decrease,  using  the  adjusted  pressure  schedules  given  in  Figure  5  of 
MIL-T-5041F,  and  that  in  all  cases  the  stress  levels  are  higher  on  curved  road- 
wheels  than  on  a  flat  surface  such  as  a  runway. 
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SUMMARY 


The  knowledge  of  the  stress  state  in  pneumatic  tires  is  important  because 
it  determines  such  factors  as  tire  cord  fatigue  life,  the  development  of  sepa¬ 
rations  between  various  elements  used  in  the  tire,  and  the  buildup  of  heat  in 
the  tire.  Increased  temperature  degrades  both  the  ultimate  strength  and  fa¬ 
tigue  life  characteristics  of  all  tire  materials.  In  addition,  there  is  little 
question  but  that  flaws  or  areas  of  incipient  weakness  in  the  tire  may  not  re¬ 
sult  in  premature  tire  failure  if  such  areas  are  located  in  regions  of  rela¬ 
tively  low  fluctuating  stress,  while  the  very  same  weaknesses  or  incipient 
flaws  may  cause  premature  tire  failure  or  over-heating,  provided  that  they  are 
located  in  regions  of  relatively  high  stress.  Hence  the  stress  state  is  impor¬ 
tant  in  a  general  sense  in  tire  technology,  even  though  modern  cord  strengths 
are  sufficient  so  that  the  so-called  "blow  out"  or  complete  cord  rupture  is  no 
longer  a  common  occurrence  in  service.  Finally,  a  Knowledge  of  such  stress 
states  is  important  in  qualification  testing  of  tires  since  all  qualification 
testing  is  carried  out  on  dynamometer  wheels  whose  curvature  is  different  from 
that  of  the  runway  on  which  the  tire  normally  operates  in  service.  Hence,  ad¬ 
justment  of  tire  load  and  pressure  on  dynamometer  wheels  should  ideally  be 
carried  out  on  the  basis  of  maximum  induced  tire  stress,  since  this  is  the 
criterion  most  closely  allied  to  tread  separation  or  other  tire  failures. 

So  far  the  knowledge  of  internal  stresses  in  tires  is  relatively  limited. 
What  information  exists  comes  from  two  sources.  The  first  of  these  is  direct 
calculation  of  various  mathematical  models,  chosen  to  represent  the  pneumatic 
tire  as  closely  as  possible.  For  the  most  part  these  models  are  far  too  crude 
to  indicate  the  nature  of  the  detailed  stress  state  in  the  tire,  or  even  the 
average  stress  state  in  any  condition  other  than  that  of  direct  tire  inflation. 
Almost  no  good  mathematical  models  are  available  for  the  influence  of  road- 
wheel  or  dynamometer  curvature,  or  for  the  influence  of  tire  speed  and  deflec¬ 
tion.  For  this  reason  the  present  state  of  stress  analysis  of  tires  from  an 
analytical  point  of  view  is  very  rudimentary  and  of  little  use  in  adjusting 
loads  and  inflation  pressures  for  qualification  testing. 

A  somewhat  more  fruitful  avenue  of  examination  of  tire  stress  states  has 
been  carried  out  through  the  mechanism  of  various  experiments  using  different 
kinds  of  sensors  or  strain  measuring  devices  on  tires  directly.  Several  dif¬ 
ferent  approaches  have  been  used  here.  In  some  of  the  earlier  work  various 
kinds  of  strain  measuring  sensors  were  attached  to  both  the  inside  and  outside 
surface  of  the  tire  in  an  attempt  to  measure  tire  surface  strains,  and  from 
these  to  deduce  the  nature  of  the  internal  stress  state.  Outstanding  work  in 
tnis  area  has  been  done  by  Kern  [1]  and  by  Janssen  and  Walter  [2].  Kern  used 
metallic  gages  based  upon  the  resistance  strain  gage  principle,  in  the  form 
often  called  a  "clip  gage"  in  this  country.  Janssen  and  Walter  used  small 
rubber  tubing  with  a  capillary  hole  filled  with  a  liquid  metal,  bonded  to  the 
inside  of  the  tire. 
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Both  of  these  methods  just  described  for  measuring  the  strain  on  the  sur¬ 
face  of  the  tire  require  that  one  interpret  these  strains  backward  into  inter¬ 
nal  stress  state  in  the  tire.  This  is  not  particularly  easy  in  the  case  of  a 
composite  structure  with  greatly  different  moduli  of  elasticity,  as  is  the 
case  with  a  pneumatic  tire.  It  is  not  at  all  clear  that  the  internal  strain 
state  can  be  related  to  the  surface  strain  state  in  a  fashion  as  simple  as  in 
isotropic  materials,  where  the  Kirchoff  hypothesis  is  known  to  be  fairly  exact. 
There  is,  in  fact,  some  evidence  that  the  Kirchoff  hypothesis  does  not  apply 
in  the  case  of  textile  cords  embedded  in  rubber,  and  so  considerable  uncertainty 
is  associated  with  the  process  of  interpreting  strain  measurements  in  terms  of 
internal  stress  states. 

A  more  direct  approach  has  been  to  measure  tire  cord  loads  by  instrumenta¬ 
tion  attached  directly  to  the  tire  cords  inside  the  tire.  This  approach  has 
been  used  by  Walter  [3],  by  Clark  and  Dodge  [4],  and  by  Dodge,  Larson,  and 
Clark  [5].  In  some  respects  this  method  has  advantages  since  miniature  trans¬ 
ducers  are  now  available  wnich  can  measure  the  cord  load  at  internal  locations 
in  the  tire.  However,  no  sunple  direct  method  has  yet  been  developed  to  inter¬ 
pret  cord  load  information  in  terms  of  interply  shear  stresses  measured  in  the 
tire,  or  in  terms  of  tendency  for  separations  to  occur  in  the  tire,  as  for 
example  in  the  case  of  tread  separation.  It  would  seem  that  on  this  basis 
cord  load  information  alone  would  be  of  limited  practical  significance. 

With  this  background,  the  Air  Force  Flight  Dynamics  Laboratory  contracted 
with  the  Department  of  Engineering  Mechanics  at  The  University  of  Michigan  in 
August  1971  to  conduct  an  experimental  stress  analysis  of  a  20  x  4.4  Type  VII 
aircraft  tire  with  varying  radius  of  curvatures  of  the  dynamometer  roadwheels 
upon  which  the  tire  was  qualified.  The  express  aim  was  to  attempt  to  measure 
the  stress  state  in  this  tire  at  the  base  of  the  tread  of  the  tire.  That  par¬ 
ticular  area  was  chosen  for  detailed  examination  since  this  size  of  tire  had 
experienced  considerable  difficulty  with  tread  separation  and  chunking  during 
qualification  tests.  Subsequent  work  carried  out  on  this  contract  has  been 
directed  toward  the  measurement  of  the  stress  states  throughout  the  tire  car¬ 
cass  with  the  particular  emphasis  on  che  base  of  the  tread,  as  indicated.  Con¬ 
sidering  the  interface  between  the  tread  and  the  uppermost  fabric  layer  in  the 
tire  as  a  two-dimensional  surface,  the  objective  of  this  work  was  to  determine 
both  the  normal  stress  and  the  shear  stresses  on  this  surface  underneath  the 
tread  ribs  of  this  tire. 


NORMAL  STRESS  MEASUREMENTS 


It  was  decided  to  measure  the  stress  component  normal,  or  perpendicular, 
to  the  surface  separating  the  uppermost  fabric  layer  from  the  base  of  the 
tread  by  means  of  miniature  strain  gage  pressure  transducers  embedded  at  vari¬ 
ous  points  in  the  tread  close  to  the  surface.  Attention  was  concentrated  on 
two  main  areas,  the  center  rib  just  to  one  side  of  the  central  groove,  as 
shown  in  Figure  1  and  designated  as  "rib  l"  and  in  the  second  major  rib  desig¬ 
nated  as  "rib  2"  in  Figure  1. 

Ribl 


Figure  1.  20  x  U.l  Type  VII  Aircraft  Tire  Cross  Section. 


In  order  to  make  effective  measurements  of  this  type,  the  pressure  trans¬ 
ducers  used  should  be  relatively  small  in  order  to  minimize  the  disruption  of 
the  local  stress  state  in  this  area.  A  particularly  small  and  yet  relatively 
inexpensive  form  of  transducer  was  devised  for  this  purpose.  Since  its  devel¬ 
opment  and  calibration  occupied  a  substantial  portion  of  the  time  and  effort 
of  this  contract,  no  attempt  will  be  made  here  to  fully  describe  its  geometry 
and  mode  of  operation.  This  will  be  covered  in  Appendix  I.  In  addition,  the 
general  relationship  b  tween  signal  output  and  absolute  stress  level  will  also 
be  covered  there  since  this  epresents  another  area  of  essentially  separate 
development  and  calibration. 

The  miniature  pressure  transducers  finally  adopted  for  this  work  were  ap¬ 
proximately  0.125  in.  in  diameter  and  0.050  in.  thick.  A  number  of  them  were 


1 


embedded  at  the  base  of  che  tread  in  different  tires,  all  of  the  20  x  4.U  size 
and  all  from  a  "ommon  manufacturer,  the  B.  F.  Goodrich  Tire  Company.  Two 
methods  for  inserting  or  embedding  the  transducer  were  employed.  In  the  first 
method,  used  only  sparingly  and  primarily  for  calibration  and  trial  purposes, 
a  slit  was  cut  from  the  side  of  the  tire  parallel  to  the  tread  surface  but  lo¬ 
cated  in  depth  close  to  the  tread  base.  The  transducer  was  then  pushed  into 
this  slit  and  the  entire  slit  sealed  back  up  with  some  suitable  bonding  agent. 
While  the  system  did  give  results  generally  compatible  with  other  methods  of 
embedding  transducers,  it  nevertheless  was  not  considered  to  be  completely 
satisfactory. 

A  system  for  inserting  transducers  much  better  suited  to  the  objectives 
of  this  work  was  based  upon  buffing  these  tires  in  a  retreading  shop  as  close 
to  the  surface  of  the  upper  layer  of  tire  fabric  as  possible.  Prior  to  re¬ 
capping,  the  pressure  transducers  were  bonded  to  the  buffed  surface  of  the 
tire  and  their  lead  wires  brought  out  through  the  side.  The  recapping  tread 
was  then  stripped  on  using  an  Orbitread  process  ard  the  resulting  tire  cured 
in  a  mold  in  the  normal  fashion.  The  pressure  transducer  was  designed  to 
withstand  the  temperatures  and  pressures  used  during  the  cure  process,  so  that 
after  the  cured  tire  was  removed  from  the  mold,  the  pressure  transducers  were 
available  for  the  measurement  of  internal  stresses  in  the  tire. 

One  major  difficulty  associated  with  the  process  of  curing  pressure  trans¬ 
ducers  into  a  tire  lies  in  the  difficulty  in  determining  completely  their  exact 
location  and  orientation  after  the  cure  process  has  been  completed.  This  rep¬ 
resents  a  relatively  severe  problem  for  the  experimentalist  since  the  stresses 
obtained  from  them  are  extremely  sensitive  to  their  angular  orientation,  and 
somewhat  less  sensitive  to  their  lateral  position  across  the  cross  section  of 
the  tire.  For  this  reason  it  was  not  possible  to  definitely  ascertain  the 
exact  position  of  the  pressure  sensors  underneath  each  of  the  ribs  as  shown  in 
Figure  1.  Thus,  the  data  obtained  is  only  listed  as  occurring  in  rib  1  or  in 
rib  2,  due  allowance  given  to  small  motion  of  the  transducer  during  the  cure 
process  in  retreading. 

Due  to  small  angular  differences  in  position,  some  scatter  appears  in  the 
data.  However,  the  general  trends  of  the  d'ta  are  uniform  enougn  so  that  this 
does  little  more  tnan  change  the  general  level  of  magnitude  of  the  pressures 
observed. 

To  some  extent  the  normal  stress  measurements  parallel  the  pressure  dis¬ 
tribution  in  the  footprint  of  the  tire.  Wide  differences  are  observed  between 
the  normal  stresses  taken  on  rib  1  and  on  rib  2,  over  the  various  conditions 
utilized  here.  For  example,  Figure  2  shows  a  typical  normal  stress  measurement 
taken  on  rib  1  as  the  tire  rolls  through  the  contact  patch.  This  is  similar  in 
many  respects  to  the  type  of  contact  pressure  distribution  curves  observed  near 
the  center  of  an  aircraft  tire,  as  has  been  shown  in  [6],  Figure  3  is  a  normal 
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Normal  Stress  at  Base  of  Rib  1  During  Contact 


Figure  3.  Normal  Stress  at  Base  of  Fib  2  During  Contact. 
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stress  curve  taken  as  the  tire  rolls  through  contact,  measured  at  the  base  of 
the  tread  on  rib  2.  This  type  of  behavior  has  also  been  previously  observed 
in  contact  pressure  curves. 

The  principle  objective  of  this  study  was  to  compare  the  stress  states 
under  varying  conditions  of  radii  of  curvature  and  inflation  pressure  pre¬ 
scribed  by  MIL-T-5041F,  Figure  5,  where  the  chart  for  adjusting  aircraft  tire 
test  inflation  pressures  for  flywheel  curvature  gives  a  technique  for  increasing 
inflation  pressure  to  compensate  for  varying  flywheel  curvatures. 

The  rated  load  for  this  tire  is  5150  lb  at  a  rated  flat  plate  inflation 
pressure  of  225  psi.  Due  to  lack  of  proper  equipment  for  obtaining  225  psi 
inflation  safely,  it  was  agreed  to  reduce  the  flat  plate  inflation  pressure 
for  these  tests  to  150  psi  with  a  corresponding  load  change  to  achieve  the  same 
tire  deflection  as  under  rated  conditions,  namely,  1.0  in.  Variations  of  road- 
wheel  diameter  were  then  obtained  by  varying  inflation  pressure  according  to 
Figure  5  of  MIL-T-5041F.  In  the  particular  case  at  hand,  five  separate  fly¬ 
wheel  curvatures  were  simulated.  These  were  67.30-in.  diameter,  84-in.  diameter, 
120-in.  diameter,  192-in.  diameter,  and  the  flat  plate.  The  tire  inflation 
pressures  chosen  for  these  tests  are  indicated  in  Table  I. 


TABLE  I 

INFLATION  PRESSURES  FOR  VARIOUS  ROAEWHEEL  DIAMETERS 


Flywheel 

Diameter,  in. 

Inflation 
Pressure,  psi 

Load ,  lb 

Flat  Plate 

150 

3100 

192 

150 

3100 

120 

160 

3100 

84 

166.5 

3100 

67.3 

170 

3100 

Using  the  modified  inflation  pressures  as  recommended  by  MIL-T-5041F,  the 
general  results  of  the  normal  stress  measurements  indicate  clearly  that  the 
peak  normal  stress  level  at  the  base  of  the  tread  increases  as  the  diameter  of 
the  flywhee^  decreases.  They  may  be  seen  from  Table  II,  where  a  series  of 
measurements  is  reported  on  a  normalized  basis,  that  is  to  say,  where  the  flat 
plate  peak  stress  level  is  adjusted  to  a  value  of  100.  From  this  it  may  be 
seen  that  over  a  large  number  of  measurements  the  resulting  increase  in  peak 
stress  seems  to  be  reasonably  uniform,  allowing  for  some  variation  in  the 
measurement  process. 
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TABLE  II 


PEAK  NORMAL  STRESS  VALUES  (NORMALIZED) 


Rib 

Sensor 

Flywheel 

Diameter, 

in. 

Flat  Plate 

192 

120 

84 

67.3 

1 

A-27 

100 

100 

102 

108 

111 

1 

C-ly 

100 

103 

108 

113 

116 

1 

a-34 

100 

105 

110 

117 

125 

1 

C-l8 

100 

108 

113 

118 

120 

1 

A-23 

100 

102 

109 

111 

118 

2 

C-l6 

100 

101 

106 

111 

110 

2 

A-25 

100 

109 

109 

135 

122 

2 

A-26 

100 

107 

126 

130 

137 

2 

A-22 

100 

110 

113 

113 

90 

Similar  data  is  given  for  a  second  tire  in  Table  III,  where  again  the 
data  is  presented  in  a  normalized  fashion  as  in  Table  II. 


TABLE  III 

PEAK  NORMAL  STRESS  VALUES  (NORMALIZED) 


Rib 

Sensor 

Flywheel  Diameter,  in. 

Flat  Plate 

192 

120 

84 

67.3 

1 

A-21 

100 

101 

103 

107 

109 

1 

A-30 

100 

101 

107 

109 

114 

1 

C-8 

100 

98.5 

106 

111 

117 

1 

A-20 

100 

104 

107.5 

111 

114 

2 

C-15 

100 

101 

109 

118 

123 

2 

A-33 

100 

113 

121 

118 

124 

2 

C-6 

100 

96 

101 

103 

103 

From  a  stjdy  of  tnese  two  tables  it  is  quite  clear  tnat  tne  present 
inflation  scnedule  for  decreasing  flywneel  diameter  penalizes  those  tests 
run  on  flywneels,  particularly  smaller  ones.  There  are  many  instances  in 
Tables  II  and  II  of  normal  stresses  on  smaller  diameter  flywneels  being 
20  percent  above  tnose  encountered  under  similar  conditions  of  flat  plate 
loading.  As  migat  be  expected,  tnis  could  result  in  premature  fatigue 
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failure  of  a  tire  which  would  not  otherwise  fail  in  service.  The  slopes  of 
fatigue  curves  may  be  extremely  shallow,  and  it  is  entirely  possible  that  even 
20  percent  difference  in  the  normal  stress  state  at  the  base  of  the  tread 
would  be  sufficient  to  cause  the  alternating  stress  component  associated  with 
this  value  to  increase  to  the  point  where  premature  failure  occurred. 

In  computing  the  peak  stress  levels  shown  in  Tables  II  and  III,  it  was 
assumed  that  the  stress  level  at  the  base  of  the  tread  outside  of  the  contact 
patch  was  essentially  zero.  Under  high-speed  running  conditions  it  might  very 
well  have  some  positive  tensile  value,  as  opposed  to  the  compressive  levels 
measured  with  the  pressure  sensors  and  reported  in  Tables  II  and  III, 

The  absolute  values  of  the  peak  normal  stress  levels  measured  in  these 
experiments  using  the  miniature  pressure  transducers  are  of  less  interest,  but 
are  included  for  completeness.  This  information  is  presented  in  Figure  h  as 
the  normal  stress  component  perpendicular  to  the  tire  carcass  at  the  tread 
base,  as  a  function  of  flywheel  diameter  and  for  various  sensors  used  in  these 
experiments.  These  show  stress  levels  generally  ranging  from  approximately 
100  to  approximately  300  psi  depending  upon  location  and  the  particular  sensor. 
In  general  the  stress  levels  on  the  center  ribs  seem  to  be  relatively  consis¬ 
tent  and  regular.  The  reasons  for  the  rather  wide  disparity  between  the  two 
measurements  taken  on  the  outside  ribs,  at  the  extreme  low  and  extreme  high 
values  of  the  data,  are  not  known.  It  is  probable  that  tipping  and  displace¬ 
ment  of  the  pressure  transducers  during  recapping  may  have  been  partly  respon¬ 
sible  for  this  rather  wide  difference  in  absolute  stress  level. 

It  is  also  important  to  note  that  the  average  stress  level  over  the  contact 
patch  increases  as  the  roadwheel  diameter  decreases.  This  is  shown  in  Figure  5 
where  the  average  normal  stress  is  plotted  for  different  roadwheel  diameters. 
This  value  is  important  since  it  reflects  on  two  tire  characteristics  which 
bear  strongly  on  durability  and  endurance  life: 

(a)  Tire  temperature  buildup. 

(b)  Strain  rate  effects  in  the  viscoelastic  tire  carcass  and  tread, 
where  increased  strain  ra^es  cause  increased  internal  stress  levels. 

The  length  of  the  contact  patch  can  be  measured  from  these  experimental  records 
and  clearly  decreases  as  the  roadwheel  diameter  decreases. 
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Figure  4.  Peak  Normal  Stress  Levels  at  Various  Roadwheel  Diameters. 


8 


AVERAGE  NORMAL  STRESS  (PSD 


0.1  0.2  0.3 
INVERSE  RADIUS  OF  CURVATURE  ( IN.'1) 

FLAT  PLATE  192"DIA  120"DIA  84"DIA  67.3' 


Figure  5-  Average  Normal  Stress  in  the  Contact  Region 
at  Various  Roadwheel  Diameters. 
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SHEAR  STRESS  MEASUREMENTS 


The  tangential  component  of  stress  at  the  base  of  the  tread  can  be  sepa¬ 
rated  into  two  components,  one  parallel  to  the  axle  of  the  wheel  upon  which 
the  tire  is  mounted  and  one  in  the  circumferential  direction,  parallel  to  the 
tread  grooves.  Two  different  techniques  were  used  to  measure  the  shear  stress 
level  at  this  location.  The  first  of  these,  described  more  fully  in  a  subse¬ 
quent  chapter  of  this  report,  used  cord  load  transducers  in  an  attempt  to 
measure  the  carcass  stress  level  through  the  entire  tire.  The  application  of 
equilibrium  considerations  will  then  give  the  value  of  the  circumferential 
sheer  stress  at  the  base  of  the  tread.  The  second  effort,  described  in  this 
section  of  the  report,  used  miniature  shear  strain  transducers  directly  embedded 
in  the  base  of  the  tread.  These  transducers  were  designed  and  made  especially 
for  this  ;ork,  and  so  far  as  we  know  represent  the  first  attempt  to  make  such 
measurements.  The  transducers  are  more  fully  described,  and  their  calibration 
processes  are  explained,  in  Appendix  II  of  this  report.  For  the  moment  the 
results  gotten  from  them  are  presented  here. 

These  shear  strain  transducers  were  designed  in  such  a  way  that  a  small 
elastic  beam  in  bending  gave  a  signal  proportional  to  the  shear  strain  present 
at  the  location  of  the  transducer,  and  in  a  particular  direction  with  respect 
to  the  axis  of  the  transducer.  In  the  particular  case  to  be  described  here, 
these  axial  shear  strain  transducers  were  placed  in  the  base  of  rib  1  ( see 
Figure  1)  so  that  the  shear  strain  in  the  axial  direction  at  the  base  of  that 
rib  could  be  measured.  Again  using  inflation  pressures  adjusted  as  indicated 
in  Table  I,  the  relative  values  of  shear  stress  obtained  from  the  base  of 
rib  1  are  given  in  Table  IV. 


TABLE  IV 

AXIAL  SHEAR  STRESS 


Rib 

Flywheel  Diameter,  in. 

Flat  Plate  192  120  84 

67.5 

1 

100  100  104  105 

108 

Here  there  is  a  tendency  to  increase  the  shear  stress  level  as  the  diam¬ 
eter  of  the  roadwheel  decreases,  just  as  in  the  normal  stress  data  presented 
in  the  preceding  section.  A  typical  curve  of  axial  shear  stress  vs.  position 
along  the  contact  patch  is  given  in  Figure  6A. 
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Next,  data  is  presented  on  the  shear  stresses  in  the  circumferential 
direction  of  the  tire  during  rolling  through  the  contact  patch.  Those  were 
obtained  using  the  same  kind  of  sensors  but  now  with  the  sensor  oriented  in 
a  direction  parallel  to  the  direction  of  tire  tread  grooves.  Again  rib  1  was 
chosen  as  the  rib  to  be  instrumented.  The  data  obtained  by  this  method  is  of 
questionable  accuracy  due  to  the  lack  of  reproducibility  of  the  transducer's 
signal,  possibly  caused  by  a  bonding  failure  of  the  transducer  to  the  tire 
carcass.  The  data  is  given  in  Table  V. 


TABLE  V 

CIRCUMFERENTIAL  SHEAR  STRESS 


Rib 

Flywheel  Diameter, 

in. 

Flat  Plate  192  120 

84 

67.3 

1 

100  111  10b 

101 

io4 

A  typical  curve  of  circumferential  shear  stress  vs.  position  along  the 
contact  patch  is  given  in  Figure  6B.  Notice  the  asymmetric  form  of  this,  as 
might  be  expected  from  a  consideration  of  the  deformation  pattern. 

A  third  type  of  effort  to  measure  shear  stresses  at  the  base  of  the  tread 
uses  the  free  body  diagram  of  a  section  of  a  tread  rib  as  shown  in  Figure  7. 
Here  a  small  length  of  a  typical  tread  rib  is  cut  out,  and  shown  on  it  are 
the  tensile  stresses  on  either  side  of  the  section,  the  surface  traction  due 
to  frictional  effects  and  the  circumferential  component  of  the  tangential 
stress,  or  shear  stress,  at  the  tread  base.  This  latter  value  is,  of  course, 
an  average  value  as  are  the  other  stress  components  shown.  For  that  reason 
the  length  of  the  segment  should  be  considered  rather  small.  Force  equilibrium 
as  shown  below  in  Eq.  fl)  yields  an  expression  for  tangential  shear  stress 
Tzx  as  in  Eq.  ( 2) . 


c^x 

b*h  ( a  +  -r—  Ax  -  a  )  +  T  bAX  -  T 

x  ox  x  zx  zx 

In  cases  where  the  surface  traction  T2X  vanishes, 
tangential  stress  component  in  the  form 

da 


bAx 


one 


=  0 


can  solve  for  the 


fl) 


(2) 
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By  suitable  orientation  of  the  miniature  pressure  transducers  used  to  measure 
normal  stress,  one  may  measure  the  normal  stress  ax  parallel  to  the  tread 
surface.  If  this  signal  is  recorded  as  the  tire  moves  through  the  contact 
patch,  one  has  a  plot  of  ax  vs.  x  for  all  positions  of  the  tire  at  a  fixed  or 
stationary  position  of  the  tire.  This  signal  or  plot  of  ax  can  then  be 
differentiated  in  order  to  obtain  the  required  shear  stress.  This  represents 
an  independent  method  of  obtaining  the  circumferential  shear  stress  at  the 
tread  base. 

These  measurements  vie  re  carried  out  using  the  miniature  piessure  trans¬ 
ducer  previously  described,  and  the  results  are  given  in  Figure  8  and  Table 
VI,  while  a  typical  recording  of  the  circumferential  normal  stress  vs.  position 
is  given  in  Figure  9.  Data  tak_n  from  such  a  record,  followed  by  differenti¬ 
ation,  then  gives  the  variation  of  circumferential  shear  stress  with  radius 
of  curvature  using  the  adjusted  pressures  given  in  Table  I.  This  information 
is  presented  in  Table  VI. 


TABLE  VI 


CIRCUMFERENTIAL  SHEAR  STRESS 


Rib 

Flywheel  Diameter,  in. 

Flat  Plate  192  120  84 

67.3 

1 

100  99  108  115 

113 

It  appears  that  in  the  case  of  circumferential  shear  stress  the  magnitude 
increases  as  the  roadwheel  size  decreases  in  a  manner  similar  to  the  case  of 
the  axial  direction. 

The  general  shear  stress  state  associated  with  varying  roadwheel  curvature 
indicates  that  the  plate  condition  has  the  lowest  stress  state. 
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Figure  8.  Circumferential  Shear  Stress  at  Tread  Base 
as  Tire  Rolls  Through  Contact. 
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CORD  LOAD  MEASUREMENTS 


It  was  initially  planned  to  conduct  series  of  cord  load  measurements 
using  cord  load  transducers  previously  described  in  the  literature  [4],  One 
tire  was  especially  constructed  at  the  B.  F.  Goodrich  Tire  Company  under 
subcontract  from  The  University  of  Michigan  using  33  cord  load  transducers 
designed  to  measure  the  cord  tension  throughout  the  body  of  the  tire.  Locations 
of  these  transducers  were  chosen  in  such  a  way  that  a  complete  section  of  a 
tread  rib  could  be  isolated  all  the  way  to  the  innerliner  of  the  tire,  in 
the  sense  that  the  cord  loads  on  this  section  could  be  completely  measured. 

The  transducers  were  calibrated  and  the  tire  was  built  in  March  1972.  Several 
transducers  were  damaged  during  the  tire  curing  process,  and  it  was  found 
that  upon  inflation  of  the  tire  a  number  of  lead  wires  from  other  transducers 
also  fractured.  Less  than  half  of  the  transducers  remained  workable  after 
the  lead  wire  failure,  which  was  not  anticipated  prior  to  the  tire  building. 

In  past  experiences,  the  lead  wires  have  functioned  adequately  under  normal 
passenger  car  tire  load  and  inflation  conditions.  Under  the  extremely  high 
inflation  pressures  and  large  loads  used  by  the  20  x  4.L  tire,  lead  wire 
fracture  became  a  serious  problem. 

Since  not  enough  cord  loa':'  transducers  were  available  to  completely  form 
a  free  body  diagram  of  a  section  of  the  tread  rib,  other  means  had  to  be 
found  to  determine  shear  stress  at  the  base  of  the  tread  and  this  was  done 
using  the  shear  stress  transducers  described  in  Appendix  II.  The  remaining 
cord  load  transducers  ’were  recorded  more  out  of  general  interest  concerning 
the  carcass  fatigue  life  characteristics,  rather  than  any  direct  attempt  to 
measure  the  stress  state  at  the  base  of  the  tread.  The  cord  load  transducers 
v:ere  calibrated  and  used  in  the  normal  way,  and  further  details  of  their  use 
may  be  found  in  Appendix  III. 

Cord  load  data  was  first  obtained  for  the  case  of  tire  inflation  only. 

This  is  presented  in  Figures  10,  11,  12,  and  13,  where  cord  load  at  various 
locations  is  clotted  against  inflation  pressure.  For  most  locations  the  cord 
load  increases  approximately  linearly  with  pressure.  For  some  locations  the 
cord  load  drops  as  pressure  increases  and  then  rises  almost  linearly.  This 
latter  phenomenon  has  been  previously  observed  on  other  tires,  and  can  be 
explained  by  the  fact  that  the  tire  changes  shape  as  it  initially  inflates. 

As  the  pressure  increases  it  reaches  its  equilibrium  shape  and  from  that  point 
on  the  cord  load  is  proportional  to  pressure. 

A  more  detailed  view  of  the  transducer  locations  is  given  in  Figure  Ik. 

A  plot  of  the  transducer  output  in  strain  units  against  cord  load  is  given 
in  Figure  15.  This  was  obtained  during  calibration  and  is  presented  to 
illustrate  the  linearity  of  these  measuring  devices. 
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Data  is  next  presented  for  cord  loads  in  the  tire  carcass  as  the  tire  is 
operated  against  roadwheels  of  varying  diameter  under  conditions  shown  in 
Table  I,  the  modified  MIL-T-5041F  conditions.  This  is  best  seen  by  Figure  16, 
showing  the  decrease  in  contact  patch  length  as  radius  of  curvature  decreases, 
and  by  Figures  17,  18,  and  19.  These  latter  three  figures  show  that,  as  the 
radius  of  the  roadwheel  decreases,  the  following  changes  in  cord  load  occur: 

fa)  The  maximum  or  peak  cord  load  increases. 

fb)  The  minimum  cord  load  remains  nearly  constant. 

f  c)  The  alternating  or  fluctuating  component  of  cord  load  increases. 

This  again  points  up  the  conclusion  that  the  present  schedules  of 
adjustment  of  inflation  pressure  on  different  sizes  of  roadwheels  are  too 
severe  for  all  road  wheels,  but  particularly  the  smaller  ones. 
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Figure  11.  Cord  Load  vs.  Inflation  Pressure,  Plies  3  and  4. 
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Figure  12.  Cord  load  vs.  Inflation  Pressure,  Hies  5  and 
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Figure  1}.  Cord  Load  vs.  Inflation  Pressure,  Plies  7,  8,  and  9. 
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Figure  15.  Calibration  Of  Cord  Load  Transducers — Output  signal  vs.  Cord 
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Figure  1 6.  Contact  Patch  Length,  as  Measured  by  Signal  Bandwidth 
from  Cord  Load  Transducers,  for  Various  Roadwheel  Diameters. 
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Figure  17.  Peak  Cord  Load  for  Various  Roadwheel  Diameters. 


20x4. 4  MIL  SPEC  PROCEDURE 
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Figure  18.  Minimum  Cord  Load  for  Various  Roadwheel  Diameters. 


TEMPERATURE  MEASUREMENTS 


One  of  the  original  objectives  of  the  program  was  the  measurement  of  tire 
temperatures  at  the  base  of  the  tread  under  conditions  of  take  off  and  two- 
mile  warm  up  on  various  diameters  of  roadwheels.  Early  efforts  at  the  use  of 
conventional  thermocouple  systems  showed  rather  clearly  that  considerable 
development  work  would  be  needed  in  order  to  produce  a  lead  wire  system  for 
thermocouples  which  would  not  fail  prematurely  in  fatigue.  Some  temperature 
data  was  obtained  using  embedded  thermocouples  curing  two  sets  of  tests  using 
the  84-in.  roadwheel  at  the  Air  Force  Flight  Dynamics  Laboratory,  Wright- 
Patterson  Air  Force  Base.  However,  in  both  cases  lead  wires  tended  to  fail 
quite  early  even  in  the  case  of  the  two-mile  warm  up  test.  Improvements  were 
made  in  technique  and  in  materials,  but  it  became  evident  that  in  order  to 
solve  this  problem  of  thermocouple  lead  wires  a  separate  development  effort 
would  have  to  be  instituted.  For  this  reason  it  was  jointly  agreed  between 
AFFDL  and  The  University  of  Michigan  that  this  section  of  the  work  should  be 
deleted  from  the  original  contract.  Thus  only  one  set  of  results  is  given  on 
temperature  buildup  at  the  base  of  the  tread  on  this  one  roadwheel  diameter, 
this  is  given  in  Figures  20  and  21. 
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Figure  20.  Tire  Temperature  Buildup  During  Taxi-Takeoff  Cycle 
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Figure  21.  Tire  Temperature  Buildup  During  Two-Mile  Break-In  Run 


SUMMARY  OF  STAFFS  STATE  MEASUREMENTS 


The  normal  and  shear  stress  measurements  made  during  the  course  of  this 
program  indicate  very  clearly  that  under  the  present  schedule  of  inflation 
pressure  and  loading  for  the  20  x  4.1+  tire,  the  stress  state  at  the  base  of 
the  tread  increases  approximately  20  percent  during  the  transition  from  a 
flat  plate  inflation  to  an  inflation  suitable  for  a  67.30-in.  roadwheel. 
Intermediate  values  of  stress  increase  are  approximately  linear  for  intermediate 
values  of  flywheel  curvature.  Not  all  stress  components  increase  in  the  same 
amount,  but  the  two  primary  ones  which  seem  to  do  so  are  the  normal  stress 
component  perpendicular  to  the  tread  face  and  the  shear  stress  component  in 
the  axial  direction  of  the  tire.  The  evidence  concerning  the  shear  stress 
comDonent  in  the  circumferential  direction  of  the  tire  is  not  as  strong,  but 
it  does  seem  to  indicate  some  increase  as  roadwheel  size  decreases.  No 
evidence  is  currently  available  on  the  relative  temperatures  under  these 
various  inflation  schedules. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


It  is  concluded  that  sufficient  evidence  has  been  found  to  cast  some 
question  on  the  validity  of  the  present  method  for  adjusting  inflation  pres¬ 
sure  to  account  for  varying  diameters  of  test  roadwheels.  It  is  recommended 
that  this  type  of  program  be  repeated  on  a  series  of  tire  sizes,  and  that  the 
results  of  these  measurements  be  used  to  readjust  the  loading  and  inflation 
schedule  for  military  aircraft  tire  qualification  using  variable  diameter 
roadwheels . 


REFERENCES 


[ 1 ]  Kern,  W.  F.,  "Strain  Measurements  on  Tires  by  Means  of  Strain  Gauges." 
Revue  Generale  du  Caoutchouc,  Vol.  36,  October  1959,  pp.  1347-1365. 

[2]  Janssen,  M.  L.  and  Walter,  J.  D.,  "Rubber:  Strain  Measurements  in  Bias, 
Belted  and  Radial  Ply  Tires."  Presented  at  Division  of  Rubber  Chemistry, 
American  Chemical  Society,  Miami  Beach,  Fla.,  1971. 

[3]  Walter,  J.  D.,  "A  Tirecord  Tension  Transducer."  Textile  Research  Journal, 
Vol.  39,  Feb.  1969,  p.  191. 

[A]  Clark,  S.  K.  and  Dodge,  R.  N.,  "Correlation  of  Cord  Loads  in  Tires  on 
Roadwheel  and  Highway,"  SAE  Paper  700093,  1970. 

[5]  Dodge,  R.  N.,  Larson,  R.,  and  Clark,  S.  K.,  "Cord  Load  Measurements  on 
Glass  Belted  Bias-Belt  Tires  with  Polyester  Carcass."  Report  prepared 
for  Owens/Corning  Fiberglas  Corp.,  July  1971. 

[6]  "Mechanics  of  Pneumatic  Tires,"  N.B.S.  Monograph  No.  122.  Government 
Printing  Office,  Washington,  D.C.,  1971. 


APPENDIX  I 


NORMAL  STRESS  TRANSDUCERS 


The  normal  stress  transducers  used  in  this  work  were  of  two  different  de 
signs,  each  using  the  same  mode  of  operation.  The  transducer  itself  is  con¬ 
structed  of  0.005-in.  thick  beryllium  copper  sheet  which  is  formed  into  the 
shape  of  a  recessed  diaphragm  of  approximately  0.100  in.  in  diameter,  with  an 
overall  outside  diameter  of  0.125  in.  A  single  foil  resistance  strain  gage 
is  mounted  on  the  inside  surface  of  one  of  the  two  formed  pieces  which  are 
tightly  bonded  together  to  form  a  hollow  case  similar  in  construction  to  a 
watch  case.  The  completed  transducers  have  an  overall  thickness  of  0.030  in. 
The  transducer  is  sensitive  to  compression  or  tension  perpendicular  to  its 
face,  and  by  using  a  known  calibration  curve  connecting  the  output  signal  to 
the  imposed  stress,  these  transducers  may  be  used  to  determine  the  internal 
normal  stresses  in  deformable  materials.  The  assembled  transducer  is  shown 
in  Figures  22  and  23. 


Figure  22,  Sensing  Face  of  Normal  Stress  Transducer. 


Figure  23.  Edge  View  of  Normal  Stress  Transducer. 


In  order  to  investigate  the  relation  between  transducer  output  and  normal 
stress,  typical  transducers  were  installed  in  several  simple  elastic  bodies 
whose  stress  state  under  known  loadings  could  be  calculated.  In  one  case,  the 
transducers  were  embedded  in  a  molded  rectangular  beam  of  silicone  rubber.  In 
this  configurati  _>n,  the  response  to  bending,  torsion,  tension,  and  shear  could 
be  examined.  For  example,  when  the  beam  was  placed  in  a  state  of  pure  bending 
the  transducer  output  was  essentially  zero  as  would  be  expected.  A  similar 
result  was  found  when  the  beam  was  placed  in  a  state  of  torsion,  since  the 
transducer  was  oriented  in  such  a  way  that  the  normal  stress  on  its  face  under 
this  simple  loading  condition  was  zero.  On  the  other  hand,  when  the  beam  was 
placed  vertically  as  in  a  tension  bar  and  placed  in  tension  or  compression, 
then  the  transducer  signal  was  quite  large  and  linearly  proportional  to  the 
applied  load.  This  was  to  be  expected  since  the  pit ne  of  the  transducer  was 
perpendicular  to  the  axis  of  the  beam. 

In  one  other  method  of  calibration,  which  was  used  for  purposes  of  this 
report,  the  transducer  was  placed  in  a  special  tubular  fixture  which  allowed 
it  to  be  compressed  between  two  cured  rubber  plugs  restrained  by  a  lubricated 
cylindrical  guide.  This  guide  was  needed  in  order  to  minimize  the  lateral 
expansion  effects  of  the  rubber  plug,  which  tended  to  induce  severe  frictional 
forces  on  the  face  of  the  transducer  and  to  alter  the  normal  stress  distribu¬ 
tion  between  the  two  mating  rubber  plugs.  The  resulting  calibration  was  done 
by  plotting  the  average  stress  applied  to  the  face  of  the  upper  rubber  plug 
against  the  signal  output  of  the  transducer.  The  two  quantities  were  repro¬ 
ducible  and  linear  to  within  1  percent  up  to  300  psi.  This  calibration  system 
is  illustrated  in  Figure  24.  The  slope  of  the  resulting  plot  gave  the 
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calibration  factor  connecting  the  mean  stress  of  an  embedded  transducer  to  its 
signal  output.  For  the  transducers  used  in  this  work,  this  value  was  approxi¬ 
mately  2  uin./in./psi.  The  tensile  calibration  was  assumed  to  have  the  same 
value  as  that  of  the  compression  characteristics. 


Figure  2k.  Calibration  Fixture  for  Normal 
Stress  Transducer,  Disassembled. 


Several  of  the  transducers  were  calibrated  hydrostatically.  The  resulting 
calibration  factor  was  approximately  0.75  that  of  the  calibration  factor  ob¬ 
tained  by  compressing  the  transducer  between  two  rubber  plugs  as  just  described. 
This  calibration  factor  was  not  used  because  it  was  felt  that  it  was  not  com¬ 
patible  with  the  intended  use  of  the  transducer,  since  when  molded  in  rubber 
the  general  stress  state  is  not  that  of  the  hydrostatic  compression. 

The  installation  of  the  transducers  on  the  buffed  tire  carcass  presented 
potential  problems  of  lead  wire  breakage.  This  was  solved  by  lubricating  the 
lead  wires  with  silicone  grease  after  the  transducers  were  bonded  to  the  sur¬ 
face  of  the  buffed  tire  and  before  tire  recapping  took  place.  In  general  this 
was  sufficient  to  prevent  leadwire  fracture. 


APPENDIX  II 


SHEAR  STRESS  TRANSDUCERS 


One  type  of  shear  stress  measurement  made  for  this  study  involved  the 
use  of  a  shear  stress  transducer  specifically  designed  and  developed  for  this 
work.  This  stress  transducer  used  the  concept  of  measuring  the  angular 
deformation  of  a  small  beryllium  copper  beam  bent  at  right  angles  with  a  radius 
of  curvature  at  the  intersection  cf  the  two  arms.  Foil  strain  gages  were 
places  at  this  radius  of  curvature  connecting  the  two  arms.  This  geometry  is 
illustrated  in  Figure  25.  The  strain  gages  shown  there  were  connected  in 
series  so  as  to  measure  only  the  bending  effects  associated  with  the  deformation 
of  the  two  arms,  thus  giving  a  signal  proportional  to  the  change  in  angular 
orientation  of  the  two  arms.  The  completed  transducers  were  approximately 
0.20  in.  high  and  0.075  in.  wide.  Again  the  gage  material  was  beryllium 
copper.  A  photograph  of  the  completed  transducer  is  ».hown  in  Figure  26. 


Figure  25.  Shear  Stress  Transducer  Geometry. 


The  completed  transducers  were  molded  in  castable  rubber  plugs  so  as  to 
insure  proper  orientation  upon  installation,  as  well  as  to  protect  the  transducer 
from  possible  damage  during  installation.  Again,  these  transducers  were 
installed  in  several  simple  elastic  shapes  in  order  to  investigate  the  nature 
of  the  signal  from  them  as  a  function  of  loading.  Probably  the  most  effective 
of  these  shapes  was  an  annulus  of  cured  rubber  loaded  in  pure  torsion.  This 
was  designed  to  examine  the  linearity  of  the  transducer  with  respect  to  shear 
stress.  This  fixture  is  illustrated  in  Figure  27.  The  results  of  the  tests 
in  pure  torsion  were  encouraging,  since  the  signal  there  is  linear,  repeatable 
and  proportional  to  the  shear  deformation.  However,  no  direct  attempt  was 
made  to  assign  a  specific  calibration  factor  to  this  type  of  experiment  since  it 
was  very  difficult  to  recover  each  individual  transducer  after  bonding  it  to 
the  rubber  annulus. 
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Figure  26.  Photograph  of  Shear  Stress  Transducer. 


Figure  27.  Shear  Stress  Calibration  Fixture. 
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In  order  to  determine  the  transducer  response  to  other  types  of  loading, 
one  of  these  transducers  was  also  molded  into  a  silicone  rubber  beam  as  shown 
in  Figure  28.  This  beam  was  subjected  to  torsion  tests  perpendicular  to  the 
axis  of  the  transducer,  to  tension  and  to  compression.  All  the  resulting 
signals  were  very  small,  indicating  that  the  transducer  was  insensitive  to 
normal  strains  or  dilatation. 


Figure  28.  Rubber  Beam  Used  to  Calibrate  Shear  Stress  Transducers. 


Following  these  checks  on  the  transducer  effectiveness,  several  trans¬ 
ducers  were  installed  in  the  recapped  20  x  4. 4  tire.  This  was  done  by  first 
molding  the  transducer  into  a  castable  rubber  plug,  and  then  bondii.g  these 
plugs  to  the  buffed  surface  of  the  tire  just  prior  to  recapping.  The  transducer 
was  then  encapsulated  with  skim  stock  and  the  lead  wires  lubricated  with 
silicone  grease  as  described  in  encapsulating  the  normal  stress  transducers. 

The  tread  of  the  tire  was  then  applied  and  the  tire  was  cured  by  the  usual 
processes. 

The  resulting  signals  from  the  shear  stress  transducers  are  only  of 
comparative  value  and  cannot  be  interpreted  in  terms  of  absolute  shear  stresses. 
Nevertheless,  they  are  of  value  since  they  determine  the  relative  shear  strains 
and  hence  relative  shear  stresses  while  the  20  x  4.4  tire  is  operating  on 
simulated  roadwheels  of  different  diameter. 
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APPENDIX  III 


CORD  LOAD  TRANSDUCERS 


One  of  the  original  concepts  used  in  this  work  was  that  measurement  of 
cord  load  in  a  small  controlled  volume  could  lead  to  a  knowledge  of  the  aver¬ 
age  shear  stress  between  the  tread  rib  and  the  carcass  in  that  control  volume. 
This  concept  is  illustrated  in  Figure  29,  where  a  number  of  arrows  indicate 
cord  loads  which  may  be  measured  in  the  tire  carcass,  over  a  section  of  length 
Ax  in  the  circumferential  direction  equal  to  the  width  of  the  tread  rib  in  the 
axial  direction.  A  complete  knowledge  of  these  cord  forces  should  allow  one 
to  determine  the  average  shear  stress  tzx  on  the  interface  between  the  tread 
and  the  tire  carcass,  since  the  shear  stress  Tzx  is  the  only  unknown  in  the 
circumferential  force  equilibrium  as  shown  in  Figure  7-  The  implementation  of 
such  a  calculation  requires  measurement  of  a  fairly  large  number  of  cord 
forces,  since  the  20  x  4.4  tire  utilizes  eight  active  Ioe d  carrying  textile 


Isolation  of  a  section  in  the  tire  in  the  region  of  rib  1,  as  defined  in 
Figure  29,  led  to  the  conclusion  that  at  least  55  separate  cord  load  trans¬ 
ducers  would  have  to  be  installed  in  the  tire  in  order  to  obtain  the  informa¬ 
tion  necessary  to  determine  equilibrium  as  shown. 
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The  cord  load  transducers  chosen  for  this  work  were  the  conventional 
tubular  type,  and  were  manufactured  of  thin  walled  beryllium  copper  tubing 
using  conventional  foil  resistance  strain  gages.  Their  design  is  illustrated 
in  Figure  30.  The  transducers  were  attached  to  the  individual  cords,  in  this 
case  QkO/2  nylon,  1  j  means  of  a  special  high- temperature  epoxy.  Each  trans¬ 
ducer  was  individually  calibrated  and  then  each  cord  was  carefully  laid  back 
into  the  rubberized  fabric  used  for  the  construction  of  the  tire  carcass  plies. 


Figure  30.  Tubular  Cord  Load  Hansducer. 
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APPENDIX  IV 


SIMULATED  FLYWHEEL 


For  the  purposes  of  the  work  described  here,  the  20  x  4.4  tire  was  to  be 
tested  on  roadwheels  of  varying  diameter  at  slow  speed.  Due  to  the  fact  that 
most  of  the  tests  required  a  laboratory  setting  to  assure  careful  control  of 
tire  load,  tire  deflection  and  instrumentation  characteristics,  a  method  was 
devised  for  producing  an  artificial  curved  surface  that  simulated  a  steel  road- 
wheel.  This  process  involved  loading  the  tire  against  a  fixed  contoured  shoe 
of  known  and  controlled  radius  of  curvature  as  shown  in  Figure  31. 
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Figure  Schematic  Drawing  of  Device  to  Simulate  a  Roadwheel, 
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Between  the  loaded  tire  and  the  fixed  contoured  shoe  were  three  layers 
of  material  somewhat  wider  than  the  tire  itself.  The  first  layer  beneath  the 
tire  was  a  thin  sheet  of  aluminum  of  approximately  0.020  in.  thickness  which 
served  the  purpose  of  providing  a  friction  surface  having  a  friction  coeffi¬ 
cient  essentially  the  same  as  that  of  a  steel  faced  roadwheel.  Directly  under 
the  aluminum  sheet  was  a  Teflon  sheet  of  approximately  0.040  in.  thick  and 
approximately  8  ft  long.  Beneath  this  layer  of  Teflon  was  another  sheet  of 
Teflon  fixed  to  the  contoured  shoe. 

The  test  was  conducted  by  pulling  the  long  Teflon  sheet  between  the  con¬ 
toured  shoe  and  the  tire.  The  Teflon,  having  very  low  friction  coefficient, 
causes  the  aluminum  sheet  to  be  drawn  between  the  shoe  and  the  tire  also.  The 
tire,  fixed  vertically  and  longitudinally,  rotates,  thus  allowing  the  instru¬ 
mentation  in  it  to  be  monitored  as  this  instrumentation  rolls  through  the  re¬ 
gion  of  contact. 

The  Teflon  sheet  was  pulled  by  means  of  a  gear  reducer  and  chain  assembly 
with  one  end  of  the  chain  fixed  to  the  long  Teflon  sheet. 

The  instrumentation  embedded  in  the  tire  consequently  reflects  the  inter¬ 
nal  stress  state  of  the  tire  when  rolling  over  an  aluminum  roadwheel  with  a 
diameter  the  same  as  that  of  the  contoured  shoe.  A  photograph  of  this  appara¬ 
tus  is  shown  in  Figure  32. 

By  using  this  simulated  dynamometer  wheel  the  experiment  can  be  carried 
out  in  the  laboratory  where  careful  control  of  the  instrumentation  and  physical 
ci aracteristics  can  be  accomplished  without  requiring  the  costly  use  of  test 
dynamometers  for  lengthy  periods  cf  time.  The  use  of  the  laboratory  also  per¬ 
mits  the  addition  of  extra  eauipment  necessary  to  control  all  of  the  variables 
of  the  experiment,  thus  avoiding  the  requirement  of  modifying  expensive  test 
dynamometers . 
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Figure  32.  Photograph  of  Test  lire  Loaded 
Against  a  Simulated  Roadwheel. 
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